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Abstract 
This study aimed to enhance students’ learning achievement of chemical reactions and integrated science process skills by using 
eight scientific investigation activities (16 hours). The participants, purposively selected, were 24 Grade 8 students at Ban-
Koksawang School in Buriram province of Thailand in the first academic semester of 2011. The research tools consisted of a 
learning achievement test of chemical reaction and an integrated science process skills test. The dependent samples t-test analysis 
resulted in the students obtaining a post-test score of achievement (mean 21.17, SD 6.20) significantly statistically higher than 
that of the pre-test score (mean 15.00, SD 3.71) at the 0.05 level of significance. It also indicated that their post-test score of 
integrated science process skills (mean 15.14, SD 3.55) was significantly statistically higher than that of the pre-test score (mean 
10.08, SD 4.69) at the 0.05 level of significance. This study showed that the implementation of scientific investigation was 
effective to promote students’ learning achievement of chemical reaction and to increase their integrated science process skills 
since this learning approach allowed the students to use their science process skills to investigate and understand the concepts of 
the activities. 
1. Introduction 
The Learning Achievement in Science subject for Grade 8 students at Ban-Koksawang School in 2011 in 
Buriram province of Thailand was lower than the school standard proposed at 2.50 (out of 4.00) in previous years.
In addition, the Ordinary National Educational Testing (O-NET) score for secondary school students at the school 
was lower than that of Buriram Province and of Thailand as seen in Table 1 (NIETS, 2011). Moreover, these 
students also possessed insufficient science process skills, especially integrated skills. They had few opportunities to 
perform science experiments in the classroom since the school encountered limitations of chemicals and laboratory 
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equipment problems. The topic of chemical reaction is one of the major difficult science concepts for secondary 
students since it involves many reaction factors (Gongden, Gongden & Lohdip, 2011; Lati, Supasorn & Promarak, 
2012).  
 
Table 1 Percentage of O-NET scores in science subject for secondary students (Grade 7-9) in 2009-2010 
 
Level 2009  2010 Mean SD  Mean SD 
Ban-Koksawang School 26.17 10.95  27.44 11.12 
Buriram Province 26.30 10.28  27.78 8.52 
Thailand 29.16 9.64  29.17 8.67 
 
Scientific investigation is one of the effective science learning approaches to enhance both students’ conceptual 
understanding and science process skills (Resnick, Berg & Eisenberg, 2000). Therefore, scientific investigation 
activities of chemical reaction for Grade 8 students were developed to solve the stated problems. 
2. Literature review 
2.1. Scientific investigation in chemistry 
Investigation is just one type of activity in science. The central feature of an investigation is that something 
is changed and the effect that it has on something else is measured. Scientific investigation is the process that 
involves students in: 1) forming a hypothesis including identifying variables and selecting a variable to investigate, 
2) planning and carrying out the investigation, 3) recording, presenting, and interpreting the results, 4) evaluating the 
hypothesis in relation to the results of the investigation, 5) drawing an inference from the results, and 6) 
communicating the findings, as shown in Figure 1 (Bevins, et. al., 2001). During the investigation process, students 
have to make the following decisions: deciding on key variables to change and to measure, asking an investigating 
question, predicting or hypothesizing the investigation, planning and designing the test, recording results, finding 
patterns in results, making sense of patterns in results, and evaluating the reliability of the results (Windale & 
Puangmanee, 2008).  
 
 
 
Figure 1. The whole process of scientific investigation  
2.2. Integrated science process skills 
The integrated science process skills involves students in: 1) identifying and controlling variables, 2) defining 
operationally, 3) formulating hypotheses, 4) experimenting including being able to design their own experiment to 
test a hypothesis using procedures to obtain reliable data, 5) interpreting data and drawing conclusions, and 6) 
formulating a mental or physical model of a process or event (Padilla, 1990). However, this study did not cover the 
skill of formulating a model. Teaching and learning approaches are one of the important factors affecting students’ 
performance of integrated science process skills (Beaumont-Walters & Soyibo, 2001). It is very important for 
students to have opportunities to experience the learning activities that allow them to combine all their skills 
together in a complete investigation. These skills need to be taught to the students and there is often too little time 
during the excitement of investigation to bring out all the important points. In case of low-capability students, skill 
development units and/or interventions could be used to develop particular skills, such as recording in tables, 
Form hypothesis Plan and carry out the investigations Record and interpret results 
Evaluate the hypothesis Draw inferences Communicate the findings 
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drawing bar graphs, or interpreting data (Bevins, et. al., 2001). The whole process of scientific investigation allows 
students to experience and practice their integrated skills.  
3. Research methodology 
3.1. Goals and objectives 
The main goal of this study was to develop the scientific investigation activities of chemical reactions and use 
these activities as a means to enhance Grade 8 students’ conceptual understanding and integrated science process 
skills. More specifically, the objectives of this study were to investigate 1) students’ learning achievement of 
chemical reaction prior to and after the implementation of the scientific investigation activities and 2) students’ 
integrated science process skills prior to and after implementation of the scientific investigation activities. 
3.2. Research tools 
3.2.1. Scientific investigation activities of chemical reaction 
Eight scientific investigation activities of chemical reaction (16 hours) were developed including 1) what is 
chemical reaction?, 2) energy and reaction, 3) factors influencing chemical reaction, 4) chemical reaction of metals, 
5) chemical reaction of acid-base, 6) chemical reaction of carbonates, 7) household chemicals, and 8) chemical 
usages and environment. Each activity was designed based on the scientific investigation approach that requires 
students to explore answers for their testable question or hypothesis through the scientific investigation.  
3.2.2. Data collecting tools 
Data collecting tools in this study consisted of: 
1. Chemical reaction learning achievement test. The test consists of 40 multiple-choice items which were selected 
from 60 items with item difficulty (p) index between 0.21 and 0.77, and the discrimination index (r) between 0.21 
and 0.56 respectively. 
2. Integrated science process skills test. The test consists of 30 multiple-choice items which were selected from 
45 items with item difficulty (p) index between 0.33 and 0.77, and the discrimination index (r) between 0.36 and 
0.65 respectively.  
3.3. Implementation 
The participants of this study were 24 Grade 8 students purposively sampled from the whole population of Grade 
8 students at Ban-Koksawang School during the first semester of academic year 2010. These students participated in 
the following process: 1) completed pre-tests of chemical reaction learning achievement and integrated science 
process skills, 2) performed eight scientific investigation activities of chemical reaction (16 hours) in which they 
were required to submit a group scientific investigation report after finishing each activity, and 3) completed post-
tests of chemical reaction learning achievement and integrated science process skills (parallel to pre-test). 
3.4. Data analysis 
The collected data in this study included pre- and post-test scores of chemical reaction learning achievement and 
integrated process skills. Dependent-samples t-test analysis was performed to identify mean differences between the 
pre- and post-test scores for both chemical reaction learning achievement and integrated process skills. 
4. Results and Discussion 
The study results were categorized into achievement scores and integrated science process skills. 
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4.1 Students’ learning achievement scores of chemical reaction 
The dependent-samples t-test analysis indicated the students obtained average post-achievement score of 
chemical reaction (mean 21.17, SD 6.23) significantly higher than the average pre-achievement score (mean 15.00, 
SD 3.71) at p-value less than 0.05, as the average gain in content knowledge of chemical reaction was 6.17 (SD 
3.57) or 15.13% (Table 2). More specifically, the post-achievement score for each topic was statistically higher than 
the pre-achievement score at p-value less than 0.05. They had high gains in content knowledge in the topics of 
household chemicals (36.25%) and chemical reaction of carbonates (28.25%). This may be due to the fact that the 
students were familiar with household and kitchen chemicals and carbonate compounds. In addition, the activities of 
these chemicals were well illustrated and easy to investigate. On the other hand, there were low gains in the topics of 
factors influencing chemical reactions (6.87%), chemical usages, and environment (8.33%), and indicators of 
chemical reaction (10.33%). These results may have arisen because there were many factors that affected chemical 
reactions (Lati, Supasorn & Promarak, 2012), and no hands-on chemical reaction shown during the chemical usages 
and environment topic. There may have been some confusion in the choice of which changes such as colour, gas, 
precipitate, and heat indicated the provided chemical reaction. Although their gain in content knowledge (15.43%) 
was statistically different, it was still low as their total average post-test score was only 52.93%. This indicated that 
chemical reaction is still difficult for these students. 
 
Table 2. Pre- and post-achievement test scores of the chemical reaction 
 
Topics Score Pre-test  Post-test  Gain  t-test Mean SD %  Mean SD %  Mean SD %  t p 
1. Indicators of chemical reaction 6 2.21 1.18 36.83  2.83 1.27 47.17  0.62 0.60 10.33  2.53 0.005 
2. Energy and reaction 4 1.21 1.06 30.25  2.08 1.18 52.00  0.87 1.15 21.75  3.71 <0.001 
3. Factors influencing chemical reactions 8 3.08 1.17 38.50  3.63 1.54 45.38  0.55 1.41 6.87  0.26 0.005 
4. Chemical reaction of metals 4 1.46 1.38 36.50  2.21 0.98 55.25  0.75 1.26 18.75  2.91 <0.001 
5. Chemical reaction of acid-base 4 1.50 0.93 37.50  2.25 0.98 56.25  0.75 1.51 18.75  2.43 <0.001 
6. Chemical reaction of carbonates 4 0.79 0.88 19.75  1.92 1.55 48.00  1.13 1.56 28.25  3.51 <0.001 
7. Household chemicals 4 1.13 0.74 28.25  2.58 1.06 64.50  1.45 1.41 36.25  5.05 <0.001 
8. Chemicals usages and environment 6 3.54 1.56 59.00  4.04 1.20 67.33  0.50 1.35 8.33  1.81 <0.001 
Total 40 15.00 3.71 37.50  21.17 6.23 52.93  6.17 3.57 15.43  8.46 <0.001 
 
4.2) Students’ integrated science process skills 
 
The dependent-samples t-test analysis indicated the students obtained average post-test score of integrated 
science process skills (mean 15.13, SD 3.55) significantly higher than that of the average pre-test score (mean 10.08, 
SD 4.69) at p-value less than 0.05, as the average gain in integrated science process skills was 5.05 (SD 2.97) or 
16.83% (Table 3). More specifically, the post-test score for each skill was statistically higher than the pre-test score 
at p-value less than 0.05.  
 
Table 3. Pre- and post-integrated science process skills test scores 
 
Integrated science process skills Score Pre-test  Post-test  Gain  t-test Mean SD %  Mean SD %  Mean SD %  t p 
1. Identifying and controlling variables 7 2.29 1.57 32.71  3.08 1.21 44.00  0.79 1.56 11.29  2.48 0.005 
2. Defining operationally 4 1.46 0.83 36.50  2.29 1.00 57.25  0.83 1.09 20.75  3.74 <0.001 
3. Formulating hypotheses 6 1.54 1.28 25.67  2.67 1.09 44.50  1.13 1.30 18.83  4.25 <0.001 
4. Experimenting*  7 2.04 1.27 29.14  3.63 1.21 51.86  1.59 1.38 22.71  5.61 <0.001 
5. Interpreting data and drawing conclusions 6 2.75 1.89 45.83  3.46 1.32 57.67  0.71 1.37 11.83  2.53 <0.001 
Total 30 10.08 4.69 33.60  15.13 3.55 50.43  5.05 2.97 16.83  8.31 <0.001 
* Experimenting skills consists of the skills of designing and conducting an experiment, and recording and presenting data. 
 
They obtained high gains in the skills of experimenting (22.71%) and defining operationally (20.75%). This may 
have been due to the fact that the implemented activities supported students to define operational terms for their 
investigation, and to design and conduct an investigation regarding their hypothesis. On the other hand, they had low 
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gains in the skills of identifying and controlling variables (11.29%) and interpreting data and drawing conclusion 
(11.83%). This may have arisen because the skill of identifying and controlling variables may have been difficult for 
students with low-science process skill (Beaumont-Walters & Soyibo, 2001). The skill of interpreting data and 
drawing conclusions was one of the complex integrated skills. To interpret data and draw conclusions correctly, 
students were required to have good basic skills and also the other four integrated skills. In this case, the 
supplemental skill development units or/and interventions should be considered (Bevins, et. al., 2001). 
 
5. Conclusions and implications 
 
The results of this study verified that scientific investigation activities were effective in the enhancement of 
students’ learning achievement of chemical reaction since the students’ post-achievement score was statistically 
higher than the pre-achievement score at p-value less than 0.05. These types of activities also promoted students’ to 
integrate their science process skills to explore their testable question or hypothesis through the process of 
investigation. It confirmed that the scientific investigation approach provides students with opportunities to practice 
how to test their hypothesis like scientists. In other words, the students had a chance to pose their own question, 
identify variables and form a hypothesis, plan and carry out an investigation, record and interpret results, find result 
patterns, evaluate hypothesis, and make inferences and draw conclusions (Bevins, et. al., 2001). This process 
gradually enhanced both students’ conceptual understanding and integrated science process skills.  
It is suggested that continuous practice of scientific investigation activities enhances students’ integrated science 
process skills (Padilla, 1990). In the case of low-science process skill students, the instructor may consider 
implementation of the specific skill development units to help those students work though the process of scientific 
investigation (Bevins, et. al., 2001). It should be clarified that the instructor’s role is to facilitate and guide, not to 
lead or dominate, the students to be able to explore their answers by themselves during the investigation process 
(Windschitl & Thompson, 2006). To promote more meaningful learning and increase much learning achievement, it 
is advisable that students’ acquisition of knowledge should be considered during designing the learning activities. 
The authors plan to further investigate how scientific investigations affect students’ progression of integrated 
science process skills when they have opportunities to practice a few scientific investigation activities each semester 
throughout their lower secondary school careers. 
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